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© Method of making a core/pattern combination for producing a gas-turbine blade or component 



© Disclosed is a method of making a fused 
pattern/core combination for a gas-turbine blade or 
component. A plurality of powder layers are fused 
together by a laser beam in a layer-by-layer fashion 
to produce the pattern/core combination. The core 
may have thin sections having a thickness of up to 
about 1 .524 mm (0.06 of an inch). 
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This invention relates to a method of making a 
fused core/pattern combination for a cast gas-tur- 
bine blade or component as specified in the pre- 
amble of claim 1, for example as disclosed in US- 
A-4,863,538. In particular, the invention concerns a 
method of making a core/pattern combination for a 
cast gas-turbine blade or components by sequen- 
tially fusing regions of ceramic powder to form a 
layer of the core and adjacent thereto depositing 
wax or plastics material to form a region of the 
pattern in a layer-by-layer fashion to make a 
core/pattern combination. 

A variety of methods are known for making 
ceramic cores suitable for use in producing cast 
gas-turbine blades. These prior-art methods in- 
clude the step of covering the ceramic core with a 
protective coating such as an epoxy or phenolic 
resin to prevent the very fragile core from breaking 
during handling. However, the protective coating is 
undesirable in that it prevents subsequent me- 
chanical work from being performed on the core, 
such as providing further detail or drilling holes in 
the core. Thereafter, the core is covered by a wax 
or plastics material by injection-moulding to form a 
pattern of the blade or component to be cast. 
These steps are expensive and time-consuming. 

Thus, it would be desirable to provide a meth- 
od of making a gas-turbine blade or component by 
a simple method which avoids the need to build 
ceramic core dies or wax-pattern dies, and elimi- 
nates the need for handling the core in a fragile 
state and eliminates the injection-moulding step to 
produce a pattern around the core. 

A method of making a core/pattern combination 
according to the present invention is characterised 
by the features specified in the characterising por- 
tion of claim 1 . 

The present invention includes a method of 
making a core/pattern combination wherein the 
core has a configuration corresponding to a hollow 
portion of a gas-turbine blade or component and 
the pattern has a configuration corresponding to 
the blade or component. The inventive steps in- 
clude sequentially fusing together a plurality of 
ceramic powder regions to form a portion of the 
core, and adjacent thereto fusing wax or plastics 
powder in regions to form a portion of the pattern, 
in a layer-by-layer fashion to produce a 
core/pattern combination. The present invention 
also includes a method of producing a fused core 
or pattern including sections having a thickness 
less than 0.508 mm (0.02 inches). The invention 
also includes a method of making a hollow gas- 
turbine blade using molten alloy at temperatures 
ranging from about 649 'C (1200*F) to about 
1 81 5.5 -C (3300 'F). 

As stated above, the invention includes a meth- 
od of making a core/pattern combination by se- 



quentially fusing together regions of ceramic ma- 
terial (or powder) and regions of wax or plastic 
powder in a layer-by-layer fashion to produce the 
core/pattern combination. Preferably, the layers of 

5 powder are fused together by directing a laser 
beam onto successive layers of powder including 
quartz. A suitable apparatus and method of opera- 
tion for accomplishing the laser fusion of powdered 
material is described in U.S. patent No.4,863,538, 

10 the disclosure of which is hereby incorporated by 
reference. The fusing together of the powder layers 
may be accomplished by directing wave energy 
onto predetermined patterns of the powder. Such 
wave energy may include an electron beam. 

75 As described in U.S. patent No.4,863.538, an 
apparatus useful in connection with the present 
invention includes a laser or other directed energy 
source which is selectable for emitting a beam on a 
target area where a part is to be produced. A 

20 powdered dispensing system deposits powder onto 
the target area. A control mechanism operates to 
selectively fuse or sinter only the powder disposed 
within the fine boundaries to produce the desired 
layer of the part. The control mechanism operates 

25 the laser to selectively sinter or fuse sequential 
layers of the powder, producing a completed part 
comprising a plurality of layers sintered or fused 
together. The defined boundaries of each layer 
correspond to respective cross-section regions of 

30 the part. The control mechanism may include a 
computer such as a CAD/CAM system to deter- 
mine the defined boundaries of each layer. Given 
the overall dimensions and configuration of the part 
to be produced, the computer determines the de- 

35 fined boundaries for each layer and operates a 
laser-control mechanism in accordance with the 
defined boundaries. 

The laser-control mechanism may include a 
means for directing the laser beam on the target 

40 area and a means for modulating the laser beam 
between on and off positions or a shuttering means 
to selectively sinter or fuse the powder in the target 
area to produce varying configurations as desired. 
The directing mechanism may operate to move the 

45 aim of the laser beam in a continuous raster scan 
of the target area. A modulating mechanism turns 
the laser beam on and off so that the powder is 
sintered or fused only when the aim of the laser 
beam is within the defined boundaries for the par- 
se ticular layer. The directing mechanism may aim the 
laser beam only within defined boundaries for the 
particular layer so that the laser beam can be left 
on continuously to sinter the powder within the 
defined boundaries of the particular layer. 

55 The directing mechanism may move the laser 
beam in a respective raster scan of the target area 
using mirrors driven by galvanometers. A first mir- 
ror may reflect the laser beam to a s cond mirror 
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which may reflect the beam onto the target. Move- 
ment of the first mirror by its galvanometer shifts 
the laser beam generally in one direction in the 
target area. Movement of the second mirror by Its 
galvanometer shifts the laser beam in the target 
area in a second direction. The mirrors may be 
oriented relative to each other so that the first and 
second directions are generally perpendicular to 
each other. This arrangement allows for many dif- 
ferent types of scanning patterns of the laser beam 
in the target area, including a raster scan pattern. 

The dispensing of the powder may be assisted 
by using a confinement structure which defines the 
outer perimeter of each layer. Each layer may be 
defined by a separate confinement structure or the 
entire part may be defined by a single confinement 
structure. When passages or voids in a particular 
layer are desirable, these may be obtained by 
simply not sintering or fusing the powder in the 
area for the void or passage. After the selective 
portions of the layer have been fused, the loose 
powder may be brushed away or blown-off to de- 
fine the void or passage. Alternatively, a passage 
or void may be defined by placing a different type 
of material on top of the previous fused layer at the 
location of the void or passage and depositing the 
next loose powder layer around the insert and 
thereafter fusing the powder. Preferably, the Insert 
would be constructed of material and positioned 
such that it may be dissolved or otherwise re- 
moved after the powder is fused together to form 
the void or passage. 

The steps of the method of the present inven- 
tion include the following. Firstly, a three-dimen- 
sional configuration of the hollow portion of a gas- 
turbine blade or component must be determined. 
Secondly, a three-dimensional configuration of the 
blade or component must be determined. The core 
may be produced by fusing together layers of 
ceramic powder, preferably quartz, in a layer-by- 
layer fashion corresponding to discrete cross-sec- 
tional regions of the hollow portion of the gas- 
turbine blade. A first layer of powder comprising 
ceramic material is deposited on a substrate in a 
predetermined pattern corresponding to a first 
cross-sectional region of the hollow portion of the 
gas-turbine blade. The first layer of powder is 
fused together by directing a laser beam over the 
predetermined pattern of the first layer of ceramic 
powder to form a first fused layer of ceramic hav- 
ing the shape of the first cross-sectional region of 
the hollow portion. Likewise, the pattern may be 
produced by fusing together r gions of wax or 
plastics material, which may be deposited adjacent 
the ceramic powder or fused ceramic, and in a 
manner consistent with forming each layer of the 
core. A second layer of ceramic powder is depos- 
ited on the first layer of fused c ramie or fused wax 



or plastics material in a second predetermined pat- 
tern corresponding to a second cross-sectional re- 
gion of the hollow portion which is immediately 
adjacent to the first cross-sectional region. The 

5 second layer of powder Is fused together by direct- 
ing a laser beam over the second predetermined 
pattern to form a second fused layer of ceramic 
having the shape of the second cross-sectional 
region of the hollow portion, and so that the second 

10 fused layer is fused to the first fused layer. The 
second layer of the pattern is formed in a similar 
fashion as described above. Successive layers of 
powder are deposited onto previous fused layers in 
predetermined patterns corresponding to respec- 

75 tive cross-sectional regions of the hollow portion of 
the core and of the pattern. Each of the successive 
layers of powder is fused together to form succes- 
sive fused layers, wherein each of the successive 
fused layers are fused to a previously fused layer 

20 to form the core having a configuration correspond- 
ing to the hollow portion of the gas-turbine blade or 
component, and a pattern having a configuration 
corresponding to the blade or component. 

The core/pattern combination may be used to 

25 make a gas-turbine blade. A readily removable 
casting mould Is placed around the pattern and the 
core so that it conforms to the outer surface of the 
pattern. The wax or plastics pattern may be re- 
moved in a manner known in the art, such as pre- 

30 heating the wax pattern or dissolving the plastics 
pattern. Molten alloy is poured into the casting 
mould so that the molten alloy fills the mould, and 
the molten alloy is thereafter solidified. The cast 
moulding may be broken away and the core re- 

35 moved with molten caustic soda. 

Preferably, the ceramic powder comprises 
quartz. The quartz may comprise alpha or beta 
quartz. All powders will have an average particle 
size under 1 00 micrometres. When the quartz pow- 

40 der is alpha/beta quartz, a core made therefrom 
can withstand the casting of a molten alloy having 
a temperature ranging from about 649 • C (1 200 • F) 
to about 1815.5-C (3300 •P). 

The wax or plastics powder used to produce 

45 the pattern may have a similar size and configura- 
tion. Each layer of fused pattern may have a thick- 
ness of about 0.254 to 1.524 mm (0.010 to 0.06 
inches). 

50 Claims 

1. A method of making a core/pattern combina- 
tion by sequentially depositing layers of a fus- 
ible powder upon a substrate and sequentially 
55 fusing said layers together by means of a laser 

beam, characterised in that said method com- 
prises the steps of: depositing a first layer of 
powder comprising a ceramic material onto 
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said substrate in a predetermined pattern cor- 
responding to a first cross-sectional region of a 
hollow portion of a gas-turbine blade or com- 
ponent; fusing together said first layer of ce- 
ramic powder by directing said laser beam s 
over the predetermined pattern of said first 
layer of powder to form said fused layer of 
ceramic having a shape of said first cross- 
sectional region of said hollow portion; deposit- 
ing a first layer of powder comprising at least io 
one selected from the group consisting of wax 
and plastics material on said substrate in a 
predetermined pattern corresponding to a first 
cross-sectional region of said blade or compo- 
nent; fusing together said first layer of wax or is 
plastics powder by directing a laser beam over 
the predetermined pattern corresponding to 
said first cross-section of blade or component 
to form a fused layer of wax or plastics ma- 
terial having a shape corresponding to said 20 
first cross-sectional region of said blade or 
component; the fused regions of ceramic ma- 
terial and the fused regions of wax or plastics 
material of the first layer forming a first fused 
layer; depositing a second layer of ceramic 25 
powder onto said first fused layer in a second 
predetermined pattern corresponding to a sec- 
ond cross-sectional region of said hollow por- 
tion which is Immediately adjacent said first 
cross-sectional region of said hollow portion 30 
same; fusing said second layer of ceramic 
powder by directing a laser beam over said 
second predetermined pattern of said hollow 
portion to form a second fused layer of ce- 
ramic material having the shape of said second 35 
cross-sectional region of said hollow portion, 
and so that said second fused layer of ceramic 
material is fused to said first fused layer; de- 
positing a second layer of wax or plastic pow- 
der onto said first fused layer in a second 40 
predetermined pattern corresponding to a sec- 
ond cross-sectional region of said blade or 
component which is Immediately adjacent to 
the first cross-sectional region of said blade or 
component; fusing said second layer of wax or 45 
plastics material by directing a laser beam 
over said second predetermined pattern of 
said blade or component to form a second 
fused layer of wax or plastics material having 
the shape of said second cross-sectional re- 50 
glon of said blade or component, and so that 
said fused layer of wax or plastics material is 
fused to said first fused layer; and depositing 
successive layers of powder onto previous 
fused layers of ceramic material or fused lay- 55 
ers of wax or plastics material in predeter- 
mined patterns corresponding to a respective 
cross-sectional regions of said hollow portion 



and said blade or component, and fusing ach 
of said successive layers of powder to form 
successive fused layers, wherein each of said 
successive fused layers is fused to a previous 
fused layer to form said core having a configu- 
ration corresponding to said hollow portion of 
said gas-turbine blade and a pattern having a 
configuration corresponding to said blade or 
component. 

2. A method according to claim 1 in which said 
ceramic powder comprises quartz. 

3. A method according to claim 1, in which said 
core has sections having a thickness less than 
1 .524 mm (0.06 of an inch). 

4. A method of making a gas-turbine blade or 
component according to any one of claims 1 to 
3, In which the method includes placing a 
readily-removeable casting mould around said 
pattern and core, which casting mould con- 
forms to said pattern; removing said pattern to 
leave a void; pouring a molten alloy into said 
casting mould to fill said void; solidifying said 
alloy; removing said casting mould; and re- 
moving said core with liquid caustic soda. 

5. A method according to claim 4. in which said 
molten alloy has a temperature ranging from 
about 649 'C (1200*F) to about 1815.5'C 
(3300 -F). 
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